However, Basel III regulatory capital includes unrealized gains or losses on AFS securities as it is argued that unrealized losses could have an actual impact on a bank's capital in some specific time period (The Agencies, 2013) . But this may add to the pro-cyclicality and volatility to bank capital requirements (ISDA, 2012) .
In order to examine what difference Basel III regulatory capital definition will make to bank supervision and bank capital risk management, this paper will compare the impacts of three main components of accounting gains and losses on the Basel III leverage ratio and the Tier 1 capital ratio.
The first component is the recurring fair value gains and losses on trading assets, which are currently parts of Tier 1 capital. The second component is the recurring unrealized fair value gains and losses on AFS securities. They are included in Basel III Tier 1 capital but not the Tier 1 capital definition before Basel III. To provide evidence on the relative pro-cyclical and volatile nature of the impact of these accounting gains and losses, realized gains and losses on AFS securities are also examined.
The third component is the provisions for loan-loss reserves which are the impairments recognized for held-for-investment loans (HFI). The increase in these provisions is currently deducted from net income and Tier 1 capital. The behaviour of this component is compared with that of fair value accounting so that the relative pro-cyclicality of different accounting rules can be examined as loan loss provision under the current incurred loss approach is argued to be pro-cyclical (BCBS, 2011) .
Some studies have found that these accounting gains or losses have an obvious impact on bank regulatory capital measures used before Basel III during this financial crisis. For example, SEC (2008) examines 22 U.S. bank failures which were mainly small banks during 2008, and finds that credit losses had played a meaningful role. However, Shaffer (2010) finds that realized and unrealized gains or losses resulting from fair value accounting reduced Tier 1 capital by more than 8% for some large US banks, and unrealized losses on AFS securities reduced tangible common equity ratios by more than 50% for some large US banks. Badertscher et al. (2012) also investigate the impact of unrealized gains and losses on AFS securities. However, they found that fair value changes excluding trading assets have a smaller effect on Tier 1 capital ratio than the provision for loan losses for 150 U.S. Bank Holding Companies (BHCs) in the crisis. Laux and Leuz (2010) recognize the impact of huge losses on trading assets for a few very large BHCs, and Ball et al. (2012) suggest trading losses could have a negative impact on investor sentiment for banks' shares during the crisis because they may increase information asymmetry.
However, there is little empirical evidence on the pro-cyclical impact of Basel III regulatory capital on bank regulatory capital ratios. Many papers investigate the pro-cyclicality of bank capital regulation based on simulation exercises (IMF, 2008; ECB, 2009 ). And they use large samples which mix large and small banks, so there is no clear evidence for G-SIBs.
This paper designs models to measure the direct impact of accounting rules on a bank's Basel III BHCs. BK and STT are two important clearing and settlement banks. In addition, they are global systemically important financial institutions (G-SIFIs) identified by the FSB and BCBS based on the BCBS methodology using data as of end-2009 end- (FSB, 2011 2 .
Why is it necessary to investigate these U.S. G-SIBs? First, the effect of fair value accounting is argued to be more pronounced at large banks than at small banks (Shaffer, 2010) . In the sample, the smallest proportion of assets measured at fair value is 24% in the second quarter of 2007(see Table 1 ).
Second, these banks are G-SIFIs whose failure may have a devastating impact on the financial system (FSB, 2011) , and that is why special regulations will be applied to them after the crisis (Tarullo, 2011) . Third, the general results from large sample studies which mix large and small banks cannot describe what happens to large banks but may reflect the findings for small banks as there is a big difference in using accounting rules between large banks and small banks. Finally, there are also significant differences among G-SIBs as can be seen from Table 1 . For example, STT measured 60%
of total assets at fair value whereas WFC measured 24% of total assets at fair value right before this crisis.
Insert Table 1 here.
This paper investigates the pro-cyclical impact of Basel capital standards by directly examining the correlations between U.S. GDP growth rate and the impact of different accounting gains and losses on regulatory capital ratios estimated using the models in this paper. It finds that the Basel III leverage ratio and the Tier 1 capital ratio do show stronger correlations with U.S. GDP growth rate than these ratios under capital standards before Basel III, which suggests that including unrealized gains and losses on AFS securities may increase the pro-cyclicality of regulatory capital ratios. The results also indicate that both fair value and loan loss provisions have a significant pro-cyclical impact on Basel III regulatory capital ratios, and these two impacts may reinforce each other. As an expected loss (EL) approach for loan loss provisioning will use forward-looking information as fair value does, its adoption may increase the positive correlation between the impact of fair value and that of loan loss provision. Moreover, this paper finds these two impacts also are negatively sensitive to long-term interest rate changes, and Basel III capital ratios have a strong negative sensitivity to both short-term and long-term interest rates.
These results have significant implications for bank capital risk management. For G-SIBs which hold a significant share of AFS securities such as STT and BK, the Basel III countercyclical buffer of 2.5% plus the additional loss absorbency requirements of 2.5% for G-SIBs (BCBS, 2013a) may not be enough to mitigate the capital risk generated by an economic recession or the normalization of interest rates from the current low level. This risk is becoming realistic as U.S. monetary policy has started to taper quantitative easing. In addition, the Basel III Liquidity Framework requires banks to hold more high quality liquid assets (HQLA) to meet Liquidity Coverage Ratio (LCR) requirement (BCBS, 2013b The remainder of the paper proceeds as follows. Section 2 introduces the model for estimating the effect of accounting rules on Basel III regulatory capital ratios. Section 3 examines the empirical evidence for the pro-cyclicality of Basel III regulatory capital ratios and the pro-cyclical impact of accounting rules. Section 4 discusses the implications for bank capital risk. Section 5 concludes.
The model
One of the main differences between Basel III and capital standards before Basel III such as Basel II and Basel I is that unrealized gains or losses on AFS securities are recognized in Basel III Tier 1 capital. Therefore, the impact of accounting gains and losses on Basel III leverage ratio and Tier 1 capital ratio will be different from that on the leverage ratio and Tier 1 capital ratio before Basel III.
Here simplified models based on the formulae of the leverage ratio and the Tier 1 capital ratio are developed to estimate the impact of different accounting gains and losses, and show the different impacts they have on Basel III capital standards and capital standards before Basel III.
The effect of the accounting gains or losses on the leverage ratio
The effect of an accounting gain, which is recognized in Tier 1 capital, on leverage ratio can be used as an example to illustrate the basic model.
Assume that a bank has a leverage ratio of L% (0 < L < 100), and original Tier 1 capital is x, and total assets which are used for the leverage ratio calculation are y, then L% = . Assume that an accounting gain increases the bank's Tier 1 capital x by k% (0 < k), thereby increasing total assets by the amount of x*k%, then the new leverage ratio will be 1 % = (1+k%) * x y+k% * x
. So the effect of this gain on leverage ratio can be calculated using DL = L1% − L%.
Therefore, it can be seen that if this accounting gain increases Tier 1 capital by k%, leverage ratio increases by L% * k% * (1−L%) 1+k% * L% .
The same analysis can be applied to the case where an accounting loss decreases the bank's Tier 1 capital x by k% (0<k<100), thereby decreasing total assets by the amount of x*k%. The new leverage ratio will be
(1−k%) * x y−k% * x . So DL = −L% * k% * (1−L%) 1−k% * L% < 0. This accounting loss will lower the leverage ratio.
The impact of unrealized gains or losses on AFS securities on the Basel III leverage ratio can be estimated using this model. However, the impact of these gains or losses on the leverage ratio computed using the Tier 1 capital definition before Basel III should be estimated differently as such gains or losses only affect the denominator of the leverage ratio. This impact can be estimated simply by changing the denominator of the leverage ratio by the magnitude of such gains or losses. If the magnitude is k% (-100 = < k) of Tier 1 capital x, then DL= − ( %) 2 * k% 1+k% * L% .
The effect of the accounting gains or losses on the Tier 1 capital ratio
It is difficult to evaluate the effect of the accounting gains or losses on risk-weighted capital ratios as there are different approaches to measuring risk-weighted assets. Here the idea of an internal ratingsbased approach (IRB) under Basel II to calculating the change of risk-weighted assets due to the unexpected change of an individual exposure is applied to estimate the change of risk-weighted assets (Saunders and Cornett, 2011) is the asset multiplier for an 8% capital ratio under the Basel Accord. Then the difference between the estimated new risk-weighted capital ratio and the original one is used as an estimate for the change of actual risk-based capital ratio because of this exposure.
With this approach, an accounting gain or loss is treated as one new individual exposure 3 . This is reasonable because this paper attempts to investigate the impact of the unrealized gains or losses on 3 But for simplicity, Badertscher et al. (2012) estimate the impact of the unrealized losses on Tier 1 capital ratios by assuming that such losses are realized, i.e. starting from Tier 1 capital ratios at the end of the reporting period, they add back the effect of such losses on risk-weighted assets to the denominator to estimate the Tier 1 capital ratios which are purged of such unrealized losses. With the model in this paper, however, the change in risk-weighted assets is estimated as if there is a new exposure when an unrealized gain or loss occurs. The "as bank capital regulation. To simplify, assume that a bank has an original Tier 1 capital ratio of R% (0 =< R =< 100), and an original Tier 1 capital of x. Then total risk-weighted assets (RWA) which are used for the Tier 1 capital ratio calculation for the base period according to the Basel Accord can be calculated as RWA = x R%
. Assume that an accounting gain or loss is k% (-100 = < k) of this bank's Tier 1 capital x, and it changes RWA by the amount of M * x * k% 8%
(0=<M=<8%). Here M is the regulatory capital requirement for the new exposure due to this accounting gain or loss. Before Basel III, for trading book items, the maximum M is 1.1% (FSA, 2009), which is used in this paper;
however, for banking book items, the maximum M is 8% (FSA, 2009 Whether DR is positive depends on whether k is positive because -100 = < k, 0 =< R =< 100 and 0 =< M =< 8%. This indicates that an accounting gain will increase Tier 1 capital ratio whereas an if" Tier 1 capital ratios is computed by starting from Tier 1 capital ratios at the beginning of the reporting period. Such results can show a more accurate impact. This is because Tier 1 capital ratios at the end of the reporting period are normally contaminated by many other factors such as capital raising during the reporting period, which may make the impact of the accounting gains or losses appear to be much less important.
accounting loss will decrease the Tier 1 capital ratio. But the magnitude of the change depends on the capital requirement (M) for the new exposure.
The model here can used to estimate the impact of accounting gains or losses on trading assets, unrealized and/or realized gains or losses on AFS securities on Basel III Tier 1 capital ratio. However, the impact of the loan loss provision can be estimated simply by changing the numerator of the Tier 1 capital ratio by the magnitude of k%*x if the provision is k% of Tier 1 capital x, and then = % * %. This is because the provision for loan losses will affect Tier 1 capital but not RWA as the carrying value of loan and leases, which does not deduct the allowance for loan and lease, is used for computing RWA.
The impact of unrealized gains or losses on AFS securities on the Tier 1 capital ratio before Basel III should also be estimated differently as they only affect the denominator of the capital ratio. Their impact can be estimated simply by changing the denominator of Tier 1 capital ratio by the magnitude of M * x * k% 8%
if such gain or loss is k% of Tier 1 capital x. Then = − ( %) 2 * k% * M 8%+k% * M * R% .
3. The pro-cyclicality and interest rate sensitivity of Basel III regulatory capital ratios
The pro-cyclicality of the leverage ratio and the Tier 1 capital ratio
The pro-cyclical impact of Basel III regulatory capital on bank capital ratios can be seen clearly from the correlations of regulatory capital ratios with real GDP growth rates. The business cycles are defined by real GDP growth rate: in economic expansions, GDP will grow; however, in economic contractions, GDP will decline. The pro-cyclicality of bank capital ratios should present itself as a positive correlation between capital ratios and GDP growth rates. Indeed, the results of Table 2 do show such pro-cyclicality.
(Insert Table 2 here)
The pro-cyclicality of Basel III leverage ratio can be seen in Panel A of The Basel III Tier 1 capital ratio also shows strong pro-cyclicality. All the sample, of banks in quarter t have positive correlations with GDP growth rates for quarter t-1, quarter t and quarter t+1 (see Panel   B of Table 2 ). Moreover, the correlation coefficients are around 0.30 or more for quarter t and quarter t+1. This demonstrates that the pro-cyclicality of the Basel III Tier 1 capital ratio is much stronger than that of Basel III leverage ratios. This is easy to explain: as a higher GDP growth rate may reduce the risk of bank assets, the risk-weighted assets of banks may grow less than total assets, therefore, the Tier 1 capital ratio may increase more than the leverage ratio. In fact, it is found that banks could report strong risk-based capital ratios while they were building up excessive leverage during this crisis (BCBS, 2011).
However, the results for Tier 1 capital ratio before Basel III are relatively weaker than those for Basel III as there are two negative correlations for quarter t-1 and one for quarter t. But the pro-cyclicality of the Tier 1 capital ratio is still stronger than that of the leverage ratios before Basel III in terms of GDP growth rate in quarter t+1.One possible reason for this could be that when Tier 1 capital ratio is higher, banks may be in a better position to extend loans.
The strong pro-cyclicality of the Basel III leverage ratio and the Tier 1 capital ratio can also be demonstrated by the correlations between those ratios for the six banks. This is because if there is such pro-cyclicality, then there should be positive and high correlations between these ratios for different banks. Indeed, Panel C of Table 2 reports that all correlations for Basel III leverage ratio are positive. For Basel III Tier 1 capital ratio, the correlations are stronger. To save space, the results are not reported here.
Sources of the pro-cyclicality
One source of the pro-cyclicality of Basel III capital ratios is the pro-cyclicality of the impact of accounting rules. Table 3 shows the pro-cyclical impact of both fair value accounting and loan loss provisions on Basel III leverage ratios.
(Insert Table 3 here)
The strong pro-cyclicality of the impact of fair value accounting can be seen in Panel A of Table 3 .
Even though some of the correlations of the impact of fair value in quarter t with GDP growth rate in quarter t-1 are relatively small and one of them is negative, its correlations with GDP growth rate in quarter t and quarter t+1 for all six banks are positive, and most of these figures are around 40% or more. The positive correlations between these impacts of all banks (see Panel B of Table 3 ) also corroborate the strong pro-cyclicality of fair value accounting. Moreover, the strong pro-cyclical impact on the Basel III leverage ratio of unrealized gains and losses on AFS securities for each bank reported in Panel D of Table 3 may have contributed to such pro-cyclicality of fair value accounting.
The loan loss provision seems to have a much stronger pro-cyclical impact on Basel III leverage ratio.
Panel A of Table 3 shows that all six banks in quarter t have positive correlations with GDP growth rates for all three quarters. Moreover, all figures for quarter t-1 are around 45% or more. This indicates that past economic growth has a strong positive impact on loan loss provision, confirming
that the incurred loss model may delay recognition of credit losses because credit losses are associated with past economic performance (IASB, 2013b) . In addition, these impacts have a strong positive These patterns of correlations also confirm that fair value is informative to investors (SEC, 2008) and regulators as it seems to have a clear correlation with the performance of the economy and loan loss provision. In addition, the introduction of an EL model for forward looking provisioning, which will recognize changes in expectations of credit losses, may probably enhance the correlation between the impact of fair value and that of loan loss provision on capital regulation. This is because the EL model will use forward-looking information and market information as fair value does (Song, 2012; IASB, 2013a IASB, , 2013b . As a result, the pro-cyclicality of Basel III regulatory capital may increase rather than decrease.
Interest rate sensitivity
As interest rates are found to be pro-cyclical (Sill, 1996) , they also may generate some pro-cyclical impact on regulatory capital ratio. In addition, as prices of AFS debt securities are adversely affected by interest rates, Basel III capital ratios may be more sensitive to interest rates than regulatory capital ratios before Basel III.
(Insert Table 4 here)
Indeed, Basel III regulatory capital increases the negative sensitivity of regulatory capital ratios to interest rates as can be seen in Table 4 . BK's leverage ratio before Basel III has a strong positive correlation with the yield of both 3-month U.S. Treasury Bills and 10-year U.S. Treasury Bonds (see Panel A of Table 4 ). However, its Basel III leverage ratio has a negative correlation with the shortterm interest rate, and a very small positive correlation with the long-term interest rate. In addition, for all other five G-SIBs, Basel III leverage ratios have a strong and similarly negative correlation with both short-term and long-term interest rates.
Moreover, both the Basel III Tier 1 capital ratio and the Tier 1 capital ratio before Basel III of all banks have shown significant and similar negative correlations with the yield of both 3-month U.S.
Treasury Bills and 10-year U.S. Treasury Bonds (see Panel B of Table 4 ). Such negative sensitivity of the leverage ratio and the Tier 1 capital ratio may to some extent come from the negative sensitivity of the impact of fair value, unrealized gains or losses on AFS securities and loan loss provision on the regulatory capital ratios to long-term interest rates, as shown in Panel C and D of Table 4 4 .
Implications for bank capital risk management

Pro-cyclicality of Basel III regulatory capital ratios and bank capital risk
The pro-cyclical impact of Basel III regulatory capital on regulatory capital ratios has more significant implications for bank capital risk management than those of other Basel capital standards. This is because Basel III includes unrealized gains or losses on AFS securities in its regulatory capital. For banks which have a significant share of assets in AFS securities, the additional capital risk generated may be hard to manage. Table 5 Table 5 ). Therefore, Basel III may introduce substantial volatility to Tier 1 capital and regulatory capital ratios which does not reflect the actual risk.
(Insert
Second, during the recent expansion period, the impact of unrealized gains or losses on AFS securities turned to be positive and again was much greater than that of realized gains or losses on AFS securities for most banks. This confirms that the impact of unrealized gains or losses on AFS is volatile and the probability of it being realized is small. The impact of trading revenue and loan loss provision also shows very clear pro-cyclicality. Trading revenues of C, JPM and BAC which hold a significant share of assets in trading assets reduced the Basel III leverage ratio and the Tier 1 capital ratio during the recession. However, they increased these ratios in the recent expansion period. Loan loss provisions of C, JPM, BAC and WFC which hold a significant share of assets in net loans had a much greater negative impact on the Basel III leverage ratio and the Tier 1 capital ratio per quarter during the recession period than during the recent expansion period. And for these banks which hold a significant share of assets in net loans, loan loss provision in general had a much greater impact than that of fair value. However, the impact of fair value gains of JPM is greater than that of loan loss provision during the recent expansion period.
If all these pro-cyclical impacts are aggregated, both the Basel III leverage ratio and the Tier 1 capital ratio for all G-SIBs will be significantly reduced during the recession period. For the Basel III leverage ratio, the range of decrease is from 2.5 to 5.46 percentage points, and for the Basel III Tier 1 capital ratio, the range of decrease is from 3.74 to 11.47 percentage points. Therefore, the new capital requirements set by BCBS (2011) and BCBS (2013a) for G-SIBs may not be enough to mitigate the capital risk for all U.S. G-SIBs 6 .
Interest rate sensitivity of Basel III regulatory capital ratios and bank capital risk
The strong negative sensitivity of Basel III leverage ratio and Tier 1 capital ratio to interest rates may imply high bank capital risk in a changing interest rate environment. The decline of interest rates in general since 2007 may have improved Basel III regulatory capital ratios computed in this paper.
However, as the U.S. economy is recovering, its monetary policy has begun tapering quantitative easing. This suggests that long-term interest rates may increase first and then short-term interest rates will normalize gradually afterwards. Such changes in the interest rate environment may reduce Basel III regulatory capital ratios for these G-SIBs. Table 5 ).
If the 10-year Treasury yield returns to the level of 4.85% in the first quarter of 2007 before the recent recession, then these G-SIBs may suffer significant losses in Basel III regulatory capital ratios, especially for STT and BK. To illustrate, assume that the impact of unrealized losses on AFS securities generated by the increase of the long-term interest rate remains constant during the tapering period, the increase of 2.14 percentage points in 10-year Treasury yield, i.e. from 2.71% to 4.85%, may indicate that Basel III leverage ratio will decrease by 1.34 percentage points for STT and 0.87 percentage points for BK, and Basel III Tier 1 capital ratio will decrease by 3.67 percentage points for STT and 2.36 percentage points for BK. However, such impacts may still underestimate the capital risks generated by the long term interest rate as banks will hold more HQLA to meet Basel III LCR requirement.
In addition, as Basel III capital ratios have a similar negative correlation with the short-term interest rate, the normalization of the short term interest rate after tapering may further increase bank capital risk. This risk may be much greater as the short-term rate has to increase by 4.94 percentage points from 0.04% in the third quarter 2013 to reach 4.98% which was the level in the first quarter 2007 before this crisis.
Conclusions
This paper examines the pro-cyclical impact of Basel III regulatory capital on regulatory capital ratios and its consequent implications for bank capital risk for U.S. G-SIBs. As Basel III Tier 1 capital recognizes unrealized gains or losses on AFS securities, the pro-cyclical impact of fair value accounting on Basel III leverage ratio and Tier 1 capital ratio increases relative to that before Basel III. As unrealized gains or losses on AFS securities are sensitive to the long-term interest rate, Basel III capital standards also are more sensitive to the long-term interest rate.
The magnitude of the impact of Basel III capital standards depends on the asset structure of each bank. For banks which hold a significant share of AFS securities, the impact of unrealized losses on AFS securities on Basel III capital ratios in the recent recession could be significant. And the countercyclical buffer of 2.5% plus the additional loss absorbency requirements of 2.5% for G-SIBs may not be enough to mitigate the capital risk for G-SIBs which could be generated by the business cycle. 
